Background-Prenatal diethylstilbestrol (DES) exposure is associated with an excess risk of clear cell adenocarcinoma of the vagina and cervix, and of high-grade squamous neoplasia.
Introduction
The association between prenatal exposure to diethylstilbestrol (DES), a nonsteroidal synthetic estrogen given in pregnancy, and vaginal and cervical clear cell adenocarcinoma in young women was first described nearly forty-five years ago. 1 Subsequently, benign pathological findings of the genital tract were associated with DES, including an increased prevalence of vaginal adenosis, ectropion, and a wider cervical transformation zone. 2, 3 The National Cooperative Diethylstilbestrol and Adenosis (DESAD) study sought to determine the prevalence and incidence of cervical and vaginal neoplasia in a large cohort of DES-exposed and unexposed women. Baseline screening examination data from this study did not provide evidence of an increased prevalence of squamous neoplasia; 4 however, a later follow-up study of incident cases showed a nearly 2-fold increased risk. 5 In the NCI Combined DES Cohorts Follow-Up Study, Hatch et al. 6 also reported a doubling of risk of high grade dysplasia in primarily younger women, with adjustment for history of routine cervical cancer screening.
The recognition of the causal association of human papilloma virus (HPV) with cervical neoplasia and the increasingly widespread use of the HPV vaccine has prompted a reevaluation of the guidelines for screening Pap smears. The American College of Obstetricians and Gynecologists (ACOG) issued a revised practice bulletin in November, 2012 7 that reduced screening cytology frequency to every three years among women aged 21-65 years without risk factors or previous cervical disease. Women with prenatal DES exposure were disqualified from reduced screening frequency because of their increased risk of cervical neoplasia.
The objective of the current study was to determine whether the elevated risk of high-grade squamous neoplasia associated with in utero DES exposure has continued with age.
Materials and Methods

Cohorts
The NCI DES Combined Cohort Follow-up consists of the following: 1) women who participated in the National Cooperative Diethylstilbestrol Adenosis Project ([DESAD] cohort), 8 2) women whose mothers participated in a clinical trial of DES in 1951-52 (Dieckmann Cohort), 9 3) women whose mothers were treated in a large private infertility practice in Massachusetts, USA (Horne Cohort) and 4) women from Massachusetts, New Hampshire, Maine and the Mayo Clinic whose mothers participated in the Women's Health Study ([WHS] Cohort), a study of the subsequent health effects of DES in women who were administered DES during their pregnancy. 10 
Mailed questionnaires and physical examinations
The follow-up of the four combined cohorts by NCI began in 1994 with a mailed questionnaire, with subsequent questionnaires mailed in 1997, 2001, 2006, and 2011 . Prior to the Combined Follow-up questionnaire study (1984) (1985) (1986) (1987) (1988) (1989) , DESAD cohort members were mailed annual questionnaires, and medical records and pathology reports were collected for cancers and gynecologic neoplasia. In 1982 and 1983, many members of the DESAD cohort still participated in annual screening examinations as part of the study protocol. The last routine follow-up of the Dieckmann cohort consisted of a mailed questionnaire in 1990. The Horne cohort was reassembled for follow-up along with unexposed siblings in the mid-1970s, and mailed annual questionnaires through the 1980s. Daughters from the WHS cohort had not been followed before the combined follow-up in 1994.
The Dieckmann and DESAD studies incorporated a comprehensive gynecologic examination around the time of recruitment in the mid-1970s into their original cohorts that systematically identified vaginal epithelial changes (VEC) by means of colposcopy or iodine staining. Identical screening protocols were used for the exposed and unexposed women. VEC is glycogen poor squamous epithelium found in the vagina or exocervix that presumably reflects glandular epithelium undergoing transformation over time to glycogenated, normal adult type squamous epithelium. These changes were more frequent in women prenatally exposed to DES early in pregnancy who also had large cumulative doses of DES by the end of pregnancy. 11 No attempt was made to systematically physically examine members of the Horne or WHS cohorts. Institutional Review Board approvals were obtained at the field centers and the NCI. Participants indicated their informed consent by completion of a questionnaire or telephone interview, and/or with written consent for pathology and slide reports.
DES exposure and covariate ascertainment
For all combined cohort participants, prenatal exposure to DES, or the lack thereof, was documented by the medical record or a physician's note. Gestational week of first DES use was available for 75% of all exposed women, and for 80.2% of the DESAD and Dieckmann exposed. Because data for total cumulative DES dose were available for only 38% of the women, we classified the individual cohorts as high-or low-dose based on differences in prescribing practices by U.S. region (unknown for a subgroup of the WHS). Agreement between the dose categories and individual doses was excellent among those with complete data. 12 Information on highest level of education, smoking status, and frequency of routine medical examinations, including Pap smears, in the last 5 years was collected on the 1994 questionnaire. Smoking status was updated on the 2006 questionnaire, and menopausal status and frequency of Pap smears were ascertained on all five questionnaires and treated as time-dependent.
CIN2+ confirmation
Reports of CIN2+ were available from two sources, records from the original cohorts (1982) (1983) (1984) (1985) (1986) (1987) (1988) , and the NCI Combined Cohort Study questionnaires ; the methods for confirmation of cases were similar. The Combined Cohort Study questionnaires ascertained new diagnoses of neoplasia, and biopsies of the cervix, vagina or vulva that indicated a precancerous condition (dysplasia or carcinoma in-situ, but not abnormal pap smears only). Pathology records were obtained for reported biopsy-confirmed, genital-tract neoplasia of any grade (including HPV infection). Slides also were requested for pathology-confirmed diagnoses of cervical intraepithelial neoplasia grade 2 and above (CIN2+), and were reviewed by one pathologist (SJR), blinded to DES-exposure status.
Among participants included in the analysis, 5,237 (89% of exposed and 88% of unexposed) completed a questionnaire during the 1994 follow-up or after, and 1,247 women (23.8%) reported having had a biopsy of the lower genital tract. Pathology reports were obtained for 986 (79%) of those reporting a biopsy, and of these, 206 (21%) indicated CIN2+. Pathology reports for the remaining self-reports indicated CIN1 (n=280) or other benign diagnoses (n=500, e.g. squamous metaplasia, inflammation, HPV only). Representative slides were reviewed for 169 (82%) CIN2+ cases confirmed by pathology reports, and 30 cases were downgraded to <CIN2. Eight of the CIN2 cases were glandular cell type, and not included in the main analysis. All 8 glandular lesions were cervical; 7 were DES-exposed (2 were invasive, 1 was adenocarcinoma in situ, 3 were CIN3 and 1 was CIN2), and 1 was unexposed (CIN3). An additional 10 cases were not reported as biopsies, but identified from pathology reports obtained for other reasons. Of the 178 pathology confirmed diagnoses of squamous CIN2+ included in the analysis, 163 were cervix (including n=11 cases of invasive carcinoma of the cervix), 9 were vagina and 6 were vulva (n=2 were invasive). The National Death Index was routinely searched and one additional invasive case was identified, resulting in a total of 3 deaths in the exposed from invasive lower genital tract cancer among CIN2+ cases.
Exclusions and Follow-up Information
Information from patient history and medical record review was used to ascertain prior history of diagnoses and treatments. Table 1 shows exclusions and follow-up information. Of 7,232 women in the study, 460 who were lost to follow-up or died before 1982 were excluded. To limit the analysis to incident disease, 200 cases were excluded due to pathology-confirmed high-grade neoplasia diagnosed before the start of follow-up and an additional 107 were excluded who reported cervical dysplasia before the start of follow-up. Because prior treatment of the cervix may lower the subsequent incidence of CIN 2+, 416 women who received treatment before 1982 were excluded at baseline from the main analyses. In addition, 150 women (0 cases) who had a hysterectomy prior to 1982 were excluded. Out of 5,899 women in the analysis, 5237 (89% of exposed and 89% of unexposed) responded to any of the NCI follow-up questionnaires.
Statistical Analysis
The analyses focused on the first occurrence of pathology confirmed CIN2+. Person-years at risk for each woman were computed from 1/1/82 (except for the WHS, for which follow-up started in 1994-1995) until the date of first documented diagnosis of CIN2+, date of last known follow-up, or date of last questionnaire response. The start of follow-up was chosen to correspond to the end of follow-up in the original cohort study of incident dysplasia among the DESAD cohort, 5 which comprises 70% of the current study population. Women were censored at the reported date of hysterectomy, except when CIN2+ was diagnosed at surgery. Participants who reported dysplasia on the questionnaire but for whom we were not able to obtain pathology records were censored at their reported diagnosis year. Among the exposed, follow-up ranged from <1 year to 32.0 years with a median of 25.4 (25th percentile 13.6, 75% percentile 30.0) and among the unexposed was <1 year to 32.0 years with a median of 18.2 years (25th percentile 11.9, 75th percentile 29.9).
The association of DES and CIN2+ was estimated with hazard ratios (HR) and 95% confidence interval (CI) from Cox regression models, 13 using SAS statistical software (version 9.2). 14 The models included original study cohort (except for models evaluating dose because the Dieckmann cohort had a uniform dose) and birth year, and used age as the time-metric. Additional covariates included education, age at first intercourse, number of sexual partners, smoking status, and menopausal status. Pap smear screening represented the number of Pap smears in the five years before the most recent questionnaire. Categories for each of the covariates are listed in Table 2 . Missing values were categorized separately and included in the models; a complete case approach yielded the same results for DES and CIN2+ (not shown). Associations were evaluated by DES dose and timing, and in the Dieckmann and DESAD cohorts, by presence or absence of VEC.
Results
The average age at entry into the analysis was 16.0 and 16.5 years for exposed and unexposed women in the Horne cohort, compared with, respectively, 27.6 and 28.4 in DESAD, 30.1 and 30.0 in Dieckmann, and 42.7 and 43.2 in the WHS. DES-exposed women were slightly younger (median age at last follow-up was 51.3 for exposed and 53.7 for unexposed), less likely to smoke and had higher levels of education than the unexposed participants (Table 2 ).
In general, we found expected associations between several covariates and the incidence of CIN2+. For example, the incidence of CIN2+ declined with age: compared with women <30, the HRs were 1.0, 0.56, 0.49 and 0.25 for women ages 30-34, 35-39, 40-44 and 45+, respectively (data not shown). CIN2+ incidence adjusted for birth year was higher in women with more male partners and among women who had ever smoked (data not shown). CIN2+ was also elevated among women with a greater number of prior pap smears, although most (67.5% of exposed and 64.8% of unexposed) reported having 3+ pap smears in the last 5 years. Education and age at first intercourse were not materially associated with CIN2+ (data not shown).
The cumulative incidence of CIN2+ adjusted for birth year and cohort for DES exposed (5.3%; CI 4.1%-6.5%) and unexposed women (2.6%; CI 1.5%-3.7%) by age is presented in Figure 1 . Overall, the HR for DES and CIN2+ with adjustment for age and cohort was 1.98 (CI 1.33-2.94), and was similar with further adjustment for frequency of cervical cancer screening (HR 1.97; CI 1.33-2.93) ( Table 3 ). The HR was 2.10 (CI 1.41-3.13) with additional education, smoking, age at first sexual intercourse, and number of male sexual partners. Restricting to the 134 cases of CIN2+ confirmed by slide review, the HR was 2.15 (CI 1.35, 3.41), and including cases that were treated prior to 1982, the HR was 1.98 (CI 1.35-2.90). Results were similar including the 8 cases with glandular lesions with the other cases (fully adjusted HR 2.15 (95% CI 1.45-3.17). We did not have adequate statistical power to separately assess glandular lesions. For the exposed and unexposed, respectively, there were 56 and 11 CIN2 cases, 80 and 18 CIN3 cases and 9 and 4 invasive cases. The HR adjusted for birth year and cohort for DES and CIN2 was 2.27 (CI 1.16-4.45) and for CIN3 was 1.98 (CI 1.15-3.38). The HR for DES and invasive squamous cell carcinoma of the cervix (n=7 exposed and n=4 unexposed) was 0.86 (CI 0.23-3.25), with the two additional cases of vulvar cancer (n=9 exposed and n=4 unexposed) the HR was 1.13 (CI 0.32-4.03), and with two additional cases of cervical adenocarcinoma (n=11 exposed and 4 unexposed) the HR was 1.38 (CI 0.41-4.73).
The HR for DES and CIN2+ was 1.38 in the DESAD cohort, 1.82 in the Dieckmann cohort, 2.08 in the WHS and 6.88 in the Horne cohort. Twenty-six CIN2+ cases, all but one confirmed with slide review, occurred in exposed women in the Horne cohort, and three slide confirmed cases occurred in the unexposed. The HR for the Horne cohort was 4.36 (CI 1.14-16.7) when follow-up began with the 1994 baseline questionnaire. The median for gestational week at first DES exposure was 5 weeks in the Horne cohort and 10 weeks in both DESAD and Dieckmann (not available for WHS). Eliminating the Horne cohort, the covariate adjusted HR for DES and CIN2+ was 1.68 (CI 1.10, 2.58).
The HR for DES and CIN2+ was elevated among women through 44 years of age and then decreased among those 45+ (Table 3 ). The cohort-adjusted HR among those <45 years of age was 2.47 (CI 1.55-3.94) and among those 45+ was 0.91 (CI 0.39-2.10; p-value for interaction = 0.03). The DES -CIN2+ association appeared to be stronger among nonsmokers (HR 4.79; CI 2.05-11.2 vs. 1.38; CI 0.85-2.24 among ever smokers, p-value for interaction = 0.01). The HRs were 1.52 (CI 0.54-4.30) and 1.71 (CI 1.04-2.81) among women with <3 and 3+ pap smears over the past 5 years, respectively (p-value for interaction = 0.25). The HR for DES and CIN2+ could not be evaluated by menopausal status because most cases were premenopausal (167/178).
Incidence of cervical dysplasia was greater with earlier vs. later gestational age at first exposure to DES and with higher DES dose (Table 4) . Compared with the unexposed, the adjusted HR was 2.64 (CI 1.64-4.25) for women exposed within 8 weeks of the last menstrual period, compared to 1.41 (CI 0.88-2.25) in women exposed at 8 weeks or later. The reduction in HR for DES exposure at each subsequent category of gestational weeks based on categories in Table 4 was 19% (including the unexposed women HR 0.81; CI 0.72, 0.91, p for trend=0.0002 and excluding the unexposed women HR 0.76; CI 0.63-0.91, p for trend=0.003). The association between DES and CIN2+ was slightly stronger among those exposed to high doses (HR 1.73) vs. low doses (HR 1.35), and among the exposed women with VEC (HR 1.74) than in those without VEC (HR 1.24).
Comment
With 15 additional years of follow-up since our last report 6 the data continue to show that women who were exposed to DES in utero have twice the risk of high-grade squamous neoplasia compared with unexposed women. The association with DES was highest among women who were exposed very early in gestation. These results are consistent with an earlier follow-up of the DESAD cohort 5 during the annual screening program that found a two-fold increase in cervical dysplasia incidence among the exposed after the first screening examination in the mid-1970s through the early 1980s, and a more recent study using the combined cohorts follow-up data. 6 In our data, hazard estimates for DES and CIN2+ were similar after adjustment for covariates, including cervical cancer screening history. The increased incidence of CIN2+ among the DES exposed continued through the mid-40s; in exposed women 45+ years, incidence was no longer elevated.
When the National Cancer Institute first commissioned the DESAD project (1974-75), a primary goal of the study was to identify the natural history of DES-related genital tract anomalies. During the DESAD annual examinations, we found that there were frequent discrepancies between atypical forms of squamous metaplasia versus bona fide precancerous squamous cell lesions (dysplasia). 15 Therefore, in the current study we limited our analysis to cases of high grade squamous neoplasia (CIN2+). To further avoid potential misclassification, one pathologist, blinded to DES exposure status but knowledgeable about typical benign changes associated with DES, reviewed pathology confirmed cases. Slides were reviewed for 82% of cases; there was over 80% agreement between pathology report diagnoses of high-grade disease and the slide review.
The unexposed comparison group differed slightly in established risk factors for cervical disease. For example, they were slightly older and were slightly more likely to have ever smoked but adjustment for these factors had a minimal effect on the association of DES and CIN2+. The association between prenatal DES exposure and CIN2+ was higher in the Horne cohort than the other cohorts, but this could be explained partly by their younger age given the DES-CIN2+ age interaction, and the earlier gestational week at first use in the Horne cohort. In addition, the Horne cohort may have included some prevalent cases as they did not receive an examination at baseline as was performed in most of the other women (i.e. DESAD and Dieckmann cohorts). The DES-CIN2+ association was observed in the Dieckmann cohort in which mothers were not prescribed DES based on clinical indication but were participants in a clinical trial, which suggests that the association is not due to an inherently higher genetic risk of women who were prescribed DES. Follow-up was approximately equal between exposed and unexposed women.
DES exposed and unexposed women had identical cervical cancer screening protocols during the DESAD screening program, but more frequent and intense screening among the exposed after the program ended could explain our results. However, self-reported screening patterns were similar and relatively frequent (with most women reporting three or more Pap smears over the previous five years) in exposed and unexposed women, and adjusting for screening behaviors did not materially affect the hazard estimates.
Speculation regarding the biological mechanisms explaining the higher risk of cervical disease in DES exposed women has focused on differences in mechanical and histological attributes of cervical/vaginal tissue, and alterations in immune function. In unexposed women, the transformation zone is tiny. In DES exposed women, the much wider transformation zone is strongly associated with earlier prenatal exposure, 2 and could explain their greater CIN2+ risk. This area of metaplastic transformation (VEC), reflecting the physiologic and reparative changeover from the embryonic residual and relatively sensitive glandular epithelium to a much tougher squamous epithelium, also may be more susceptible to HPV infection, causative in the genesis of squamous cell neoplasia. 16 Prenatal DES exposure is associated with VEC, and in the DESAD cohort, the intraepithelial neoplasia risk was correlated with the extent of these changes. 5 Both the prevalence and the extent of VEC markedly declined with age. Thus, the declining incidence of CIN2+ among women after 44 years of age may reflect the shrinking size of the transformation zone as women age. 17 In view of the doubling in risk of high grade cervical squamous neoplasia among women <45 years who were DES exposed in utero, the ACOG 2012 7 recommendation exempting DES-exposed women from reduced frequency of screening cytology seems prudent. Whether those 45 years of age and older continue to require increased screening is unclear. While the overall estimate for this group was not elevated, the confidence interval was wide indicating that the lack of an effect could be due to chance. Therefore, the ACOG should assess the potential risks and benefits of any change in screening recommendations for these women. The cumulative incidence of CIN2+ rose more steeply with age among the DES-exposed through approximately age 45, when it appeared to level off. a Adjusted for birth year, cohort and number of Pap smears over the last 5 years prior to the questionnaire before diagnosis or censoring.
b In addition to birth year, cohort and # of Pap smears, covariates include education, smoking, age at first sexual intercourse, and # of male sexual partners.
c Adjusted for birth year and cohort.
d Adjusted for birth year.
e Adjusted for cohort.
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